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Field Establishment of Acacia ampliceps and Acacia stenophylla 
in Comparison with Acacia senegal and Acacia seyal  
var. seyal on a Savanna Clay 
 
ENGLISH ABSTRACT 
 
  This study was conducted in Gedaref State at Rawashda 
Wad Kabo Forest reserve (latitude 14o15′N and longitude 35o45′E) 
during the period August 2004 to July 2005 to compare the field 
establishment of Acacia ampliceps and Acacia stenophylla brought 
from Australia on a savanna clay with the local dominant Acacia 
species (Acacia senegal and Acacia seyal var. seyal) by seedlings and 
seeds under rainfed conditions. The experiments were executed as 
randomized complete block design (RCBD) with three replicates. 
Analysis of variance was performed on shoot length, diameter at root 
collar and survival percentage with JMP programme.  
 There were high significant differences between the four tested 
species in both seed and seedling plots for height and survival rates. 
For diameter at root collar there were significant differences in seed 
plots only. 
 The results indicated the superiority of Acacia seyal and Acacia 
senegal in survival rates under the prevailing field conditions both by 
seed sowing and by the nursery seedlings. Survival rates of seedlings 
raised by seed sowing were: Acacia seyal 93.3%, Acacia senegal 
90%, Acacia stenophylla 80% and Acacia ampliceps 0%. The 
corresponding survival rates of nursery seedlings were 87.1, 83.2, 66.8 
and 56.8% for Acacia seyal, Acacia senegal, Acacia stenophylla and 
Acacia ampliceps respectively. The average shoot length of seedlings 
raised by seed sowing were: Acacia seyal 32 cm, Acacia stenophylla 
32 cm, Acacia senegal 27 cm (Acacia ampliceps failed to establish). 
The corresponding shoot length of the nursery seedlings were: Acacia 
seyal 49 cm, Acacia stenophylla 40 cm, Acacia senegal 30 cm and 
Acacia ampliceps 30 cm. 
 The average diameter at root collar of seedlings raised by seed 
sowing were Acacia seyal 5 mm, Acacia stenophylla 5 mm, Acacia 
senegal 5 mm and Acacia ampliceps 0 mm. The corresponding 
average diameter at root collar of the nursery seedlings were: Acacia 
stenophylla 8 mm, Acacia seyal 7 mm, Acacia senegal 7 mm and 
Acacia ampliceps 5 mm. The root length for the seedlings raised by 
seed sowing were: Acacia seyal 46 cm, Acacia senegal 26 cm,  Acacia 
stenophylla 25 cm, and Acacia ampliceps 0 cm. The corresponding 
roots spread were: Acacia seyal 85 cm, Acacia senegal 41 cm,  Acacia 
stenophylla 37 cm, and Acacia ampliceps 0 cm. The tap root length of 
the nursery seedlings were: Acacia seyal var. seyal 66 cm, Acacia 
senegal 35 cm,  Acacia stenophylla 35 cm, and Acacia ampliceps 23 
cm. The corresponding roots spread were: Acacia seyal var. seyal 115 
cm, Acacia senegal 85 cm, Acacia stenophylla 37 cm, and Acacia 
ampliceps 24 cm. The root/shoot ratio for the seedlings raised by seed 
sowing were: Acacia seyal var. seyal 0.47, Acacia senegal 0.46, 
Acacia stenophylla 0.25, and Acacia ampliceps 0.00. The correspond-
ing ratio of the nursery seedlings were: Acacia seyal var. seyal 0.64, 
Acacia senegal 0.62, Acacia stenophylla 0.34, and Acacia ampliceps 
0.23. 
 The shoot fresh and dry weight of the seedlings raised by seeds 
were: Acacia seyal 4.1 and 3.1 g, Acacia senegal 2.8 and 2.1 g,  
Acacia stenophylla 2.1 and 1.9 g and Acacia ampliceps 0 and the 
corresponding roots fresh and dry weight were: Acacia seyal var. 
seyal 3.0 and 2.1 g, Acacia stenophylla 1.4 and 0.9 g, Acacia senegal 
2.6 and 1.9 g and Acacia ampliceps 0. The shoot fresh weight and dry 
weight of the nursery seedlings were: Acacia seyal 7.3 and 5.2 g, 
Acacia stenophylla 3.3 and 2.9 g, Acacia senegal 4.8 and 3.7 g and 
Acacia ampliceps 3.2 and 2.0. The corresponding root fresh and dry 
weight were: Acacia seyal 3.2 and 2.9 g, Acacia stenophylla 2.9 and 
1.3 g, Acacia senegal 2.9 and 2.0 g and Acacia ampliceps 1.5 and  
0.85 g. 
 It is recommended that Acacia seyal and Acacia senegal be the 
selection for afforestation and reafforestation programmes in savanna 
dark clays and established under field conditions by seeds. Further 
field trials may be conducted for the exotics under higher rainfall. 
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CHAPTER ONE 
INTRODUCTION 
 
 The estimated forest area of Sudan is 61627000 hectars out of a 
land area of 237600000 hectars representing 25.9% (FAO, 2005). 
 Generally there is a fast rate of depletion of forest cover (annual 
rate of change -1.4% compared to -0.8% annual rate of change for 
Africa and -0.2% for the whole world). This necessitates a large 
increase in forest plantations to satisfy a growing demand for wood 
products to reduce the stress on natural forest-ecosystems and to 
sequester atmospheric carbon and conserve the environment. 
 The forests in Gedaref State constitute 1112469 hectars 
representing 15% of the state area (Gedaref FNC, 2002). The forest 
cover was subjected to severe depletion in the last four decades due to 
agricultural expansion and felling for fuel wood. The fuel 
consumption was estimated as 566458 m3 in the state for the year 
1995 (Abdel Nour, 1995). 
 This dire situation made it necessary to activate afforestation 
and reafforestation programmes, which had diminished for the last 
three decades. Successful afforestation requires correct choice of 
species. For this, species and/or provenance trials provide some of the 
basic information for afforestation polices and planning. 
 In this respect Acacia ampliceps and Acacia stenophylla species 
were introduced from Australia  more than a decade ago and initial 
trials were established in some localities including Gedaref State. 
Their initial performances were fairly satisfactory; therefore it is 
important to gauge their establishment and early growth under field 
conditions. 
 Dawelbait et al. (2006) 
 
 
 
For this Rawashda -Wad Kabo forest reserve in Gedaref State 
was selected as a suitable site for field establishment trials of the 
species to ascertain their suitability under rainfall. The local species 
Acacia seyal var. seyal and Acacia senegal are included in the trials 
for comparison. 
Objectives: 
 The main objective of this study is to test the field performance 
of Acacia ampliceps and Acacia stenophylla in comparison with the 
dominant local Acacia species (Acacia seyal and Acacia senegal). 
 The specific objectives are: 
1. To determine the survival % of the species. 
2. To gauge seedlings height and diameter at root collar growth. 
3. To gauge seedlings biomass 
4. To measure the root spread. 
5. To recommend the best species for future practice. 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER TWO 
LITERATURE REVIEW 
 
2.1 General: 
Savanna clays stretch over large areas of the Sudan particularly 
in Central and Eastern States. The clay content exceeds 60% and pH is 
alkaline around 9.0 according to Noordwijk (1984). These soils crack 
deep and wide on drying out but seal off and get pounded when 
wetted during the rainy season (Noorkwijk, 1984). They are classified 
as vertisols according to the American system of soil classification. 
Soil moisture content at 50 cm never falls below wilting point 
throughout the growing season (Gebaur, 1993).  
Acacia seyal belt in the Sudan lies between latitude 10oN and 
14oN; it is now subjected to a very severe disturbance due to human 
activities. This belt lies within the extensive clay plain of Central 
Sudan with adequate amount of rainfall (500 – 800 mm per annum) 
and flat surface. These environmental conditions encourage the 
growing of rain-fed agricultural crops such as dura, cotton and oilseed. 
Large areas of Acacia seyal trees and the allied species in the 
community were clear felled and many agricultural schemes whether 
planned or not were established instead. This is greatly threatening the 
existence of Acacia seyal natural forests and the other allied species 
(El Shiekh, 1987). 
 Acacia seyal and Acacia senegal were the major Acacia  
species used in afforestation and reafforestation programmes but their 
growth rate is rather slow and a lot of deterioration affected the natural 
Acacia forests. It is therefore felt appropriate to introduce some 
promising exotics namely Acacia ampliceps and Acacia stenophylla 
from Australian species.  
In Sudan forest trees introduction dates back to the beginning of 
last century (Goda, 1976). Most of the introductions were made after 
1915 by the old wood and forest department then and R.E. Massy, the 
government botanist at Shambat who introduced Neem (Azadirachta 
indica), Ban (Eucalyptus microtheca)- the former from seeds of Indian 
source and the latter from seeds obtained from South Africa. These 
were the origin of mother trees of most of the avenue trees and 
plantations existing now. Other important introductions were teak, 
pines (Pinus radiata, Pinus kesiya, Pinus patula), Cupressus 
lusitanica and Cassia siamia in Southern Sudan and Misquite 
(Prosopis juliflora) in Northern Sudan. The early introductions were 
scattered in various parts of the country. Later in 1932, Eucalyptus 
microtheca plots were established in Gezira Research Farm and 
Khartoum. 
 After the FAO tree seed campaign in 1956, tree introduction 
was systemized and a large collection of species was built up in Wad 
Medani Arboretum where a total of 136 species were tried including a 
few indigenous species for comparison. The initial trials were mainly 
of Australian origin (Goda, 1976). In Sudan more than 10,000 ha of 
irrigated Eucalyptus have been grown in various irrigated agricultural 
schemes in the Central and Eastern States (Goda et al., 1989). Acacia 
ampliceps and Acacia stenophylla, promising Australian species, were 
introduced in 1989. According to El Safi (1994). these two species 
were planted together with 43 other species and varieties with the 
objectives of assessing and selecting the most adapted species for dry 
and harsh conditions particularly the drought in addition to production 
and protection purposes. The initial performance of Acacia ampliceps 
and Acacia stenophylla was satisfactory (El Safi, 1994). 
2.2 Tree legumes: 
        The species studied belong to genus Acacia, family leguminosae. 
Family leguminosae is the third largest in the plant kingdom. Many of 
its species are tropical trees whose potential in plantation remains 
largely untested. Yet leguminous trees appear to have special 
attributes that make them particularly promising for combating 
devastating tropical deforestation. For example many are among 
nature's pioneering plants and colonize newly cleared land. It seems 
ecologically wise to exploit their innate abilities and use them for re-
vegetating eroding or weed-smothered terrain, halting erosion and 
providing a protective ground cover for the regeneration of slower-
growing forest species. Furthermore, many everyday wood require-
ments can be met by small, fast-growing tree legumes. Cultivating 
them might thus reduce logging elsewhere and thereby help spare the 
last remnants of the natural forests. An important characteristic of 
most legume species is the nodulation on their roots. Within these 
pepper corn-sized swellings bacteria convert nitrogen gas from the air 
into soluble compounds that the plant absorbs and utilizes. Thus for 
average growth, leguminous plants usually require no nitrogenous 
fertilizer. 
 Some produce such amounts of nitrogenous compounds – 
usually in the form of protein in their foliage – that they make 
excellent forge crops and the decay of their fallen leaves makes the 
soil around them nitrogen-rich (National Research Council, 1983).  
2.3 Acacias: 
There are about 1100 species in the genus acacia, most of them 
are shrubs or small trees of the dry savannas and arid regions of 
Australia, Africa, India and the Americas. A few, such as Acacia 
mearnsii, are a source of tannin for the world's leather industry. These 
are suited to cool moist areas, both in temperate regions and in 
tropical highlands. There is however, a small third group of acacias, 
which is native to lowland wet tropics. These species are adapted to 
hot, humid conditions and although no comprehensive studies have 
been made, they appear to have the characteristics of acacia 
robustness and adaptability. Furthermore, they tend to grow quickly; 
their wood is hard, dense and useful for many purposes. Because of 
their innate competitiveness, tropical acacias are probably easy to 
establish and cultivate. In their natural range, many occur in dense, 
pure stands, suggesting that they might be grown in monoculture 
without serious pest problems (National Research Council. 1983). 
 According to El Amin (1973), Acacia species cover about two-
thirds of the area of the Sudan. They extend from tropical rain-forests 
in the south through deciduous savanna woodlands in central Sudan to 
the sub-deserts and deserts of northern Sudan. 
 The economic importance of the acacias in Sudan made this 
study a necessity. Their various domestic uses in the country 
contribute much to the national economy. In addition to multiple local 
uses of the acacias; timber of some species may be used for furniture, 
buildings, railway sleepers, agricultural equipment, energy as fire-
wood and charcoal. Gum Arabic from Acacia senegal and other 
species is a strategic export commodity of the Sudan. Tannins for the 
leather industry are produced from the pods, barks and leaves of 
Acacia nilotica and other species in an arid country like the northern 
and central Sudan. Acacia pods and leaves provide good fodder for 
domestic animals during the dry season. They are also utilized for 
many local medical purposes in the Sudan and other parts in Africa. In 
addition to these, soil reclamation measures use the Acacias to 
stabilize sand dunes. The Sudan species are spread all over Africa 
with other allied species. Other species in Asia and America are also 
allied to the African groups. 
 The Australian species, being largely phyllodic, are completely 
distinct from those in other continents (El Amin, 1976). The most 
wide spread Acacia species in northern Sudan are the following: 
Acacia seyal,  Acacia mellifera, Acacia senegal, Acacia nubica, 
Acacia tortilis and Acacia ehrenbergiana (El Amin, 1976). These are 
the main Acacia species used for afforestation and reafforestation in 
Sudan forestry : Acacia nilotica for riverian forests, Acacia seyal for 
rainfed forests on clay and Acacia senegal for rainfed forests on sand 
(Goda, 2005). 
2.4 Species studied: 
2.4.1 Acacia seyal /Del var. seyal Brenan 
Acacia seyal variety seyal is the major associate of the savanna 
woodland on clay. It's reddish bark distinguishes it from the white 
barked variety fistula (Goda, 2006). It occurs throughout the drier 
parts of Africa, from Senegal across to the Red Sea and down to 
Mozambique and Namibia; many varieties exist (Vogt, 1995). In 
Sudan Acacia seyal is predominantly a tree of cracking clay soil, 
found in large almost pure stands under rainfall of 500 to 1000 mm 
and under lower rainfall on water-receiving sites such as depressions. 
In the flood region of Upper Nile it is confined to small elevations 
(highland) only intermittently flooded by rainfall. It is also 
occasionally found on more sandy soils derived from the Nubian 
sandstone, under rainfall of 200 mm and above, but here it is confined 
to depressions. It also occurs in the Northern Sudan fringing the flood 
plains of the rivers and in basins usually at the upper edge of Acacia 
nilotica (Badi et al., 1989). According to Forest Resources 
Assessment (2005) the distribution area of Acacia seyal is about 
5978570 hactars. The distribution area of Acacia seyal in forest 
reserves of Gedaref State is about 73850 hactars (Gedaref FNC 
Report, 2002). 
 Most of the roots of Acacia seyal are confined to the top meter 
of soil, but it occasionally develops a deeper root system and in Upper 
Nile Province roots were recorded attaining a depth of 7-9 meters, and 
a lateral spread of 9.0 meters (Badi et al., 1989). The natural 
regeneration of Acacia seyal like Acacia mellifera occurs in a cycle of 
grassland, when mature trees die or are felled, there is a period of a 
number of years when grassland persists. However if the trees are 
felled before they are mature, there is usually natural regeneration 
from coppice and seedling. A large area felled during the war for 
production of charcoal was very well restocked with Acacia seyal six 
years later and similar good results have been obtained with natural 
regeneration in Upper Nile Province. Disturbance of soil helps natural 
regeneration. Artificial regeneration is little used; in most places 
natural regeneration is sufficient (Badi et al., 1989). The tree is 
considerably resistant to fire and persists in areas regularly swept by 
fires, repeated very fierce fires will however kill it. The old trees will 
survive up to three months inundation, but young regeneration can not 
establish itself if flooding lasts more than 1½ to 2 months. Pests and 
diseases are none of importance in the living tree. At Qala en Nahal 
one feddan of well stocked Acacia seyal produced 12.5 stacked cubic 
meters of firewood which was burnt to produce 26 kantars 
(approximately 1170 kg) of charcoal (Badi et al., 1989). 
 The major use of the wood of Acacia seyal is fuel wood. The 
firewood produced is not of good quality. However, the tree is 
considered to produce excellent charcoal in the Sudan. The trees 
produce gum which is darker and inferior to that of Acacia senegal. It 
is edible when fresh. This Acacia seyal gum has some economic value 
and therefore it is collected from the trees and exported. Acacia seyal 
bark is used as tannin material. The leaves young branches, flowers 
and pods are grazed by domestic and wild animals especially in the 
dry season. Over much African countries leaves, pods and flowers of 
Acacia seyal are the major source of early dry season fodder. In 
Western Sudan in the dry season, the Fulani drive their cattle to areas 
where it grows. Pods contain more than 20% protein and are very 
nourishing (El Sheikh, 1987). Acacia seyal should be promoted in the 
future to improve silvopastoral system in the sahel. 5.5 kg of bark per 
day should be enough for a cow to produce 4 – 5 L milk. The bark is 
also an important forage for game (Finnida and FNC, 1990).  Acacia 
seyal trees give some protection to the clay plain as a soil cover 
against washout during flood. The tree can be painted for decorative 
purposes because of its beautiful yellow flowers and red or white 
green bark. Poles of Acacia seyal are used for building temporary huts 
sheds (El Sheikh, 1987).  
2.4.2 Acacia senegal (Linn) willd:   
 Acacia senegal is a small tree with two main areas of distribu-
tion in Sudan; the first is on stabilized sand where it is found under 
rainfall of 280 mm and above but mostly concentrated in the area with 
rainfall between 280 mm and 450 mm; the second is on the dark 
cracking clays where it is found under rainfall of 500 mm and above. 
Acacia senegal is also found on some other soil types, such as stony 
ground near Juba in south Sudan with a rainfall of about 900 mm and 
on hard-surfaced soils. On the dark cracking clays of central and 
eastern Sudan it is never as pure as on the sands. In water 
requirements, it appears to be intermediate between Acacia mellifera 
and Acacia seyal and is usually found mixed with one of these species 
generally the latter (Badi et al., 1989). According to Gedaref FNC 
Annual Report (2002) the area of Acacia senegal in Gedaref reserved 
forest is about 5204.6 hectar (FNC Gedaref, 2002). For the whole 
Sudan the total area of Acacia senegal is estimated at 2816238 hectar 
(Forest Resources Assessment, 2005) The seedling of Acacia senegal 
rapidly develop a long tap root and on sand this goes down to 
considerable depth; on clays it is probable that a shallower root system 
is developed.  
 Acacia senegal is the tree component of the gum cultivation 
cycle which is 15 – 20 year (Goda, 2006) viz.: clearance of thorn 
savanna, cultivation of field crops for 4 – 6 years, bush fallow in 
which Acacia senegal is the most vigorous colonizer forming a good 
crop of young trees within two years attaining  2 meters at four years 
age whence gum tapping commences. The bush is then cleared in 12-
15 years. This cycle persists through maintaining soil nutrients mainly 
by litter mineralization.  
Ahmed (1986) mentioned that in Sudan Acacia senegal is sown 
using ordinary agriculture seeders; the soil is disc harrowed before 
seeding and when the rains have reestablished the soil is disc 
harrowed again and seeded simultaneously.  
According to Badi et al. (1989) hashab plantations need to be 
well weeded in the first year. In the clay soils of Kassala, growth is 
perhaps a little slower. In a plot at Qala en Nahal the trees averaged 14 
m at 7 ears old, but these were from seeds sown direct and in a rather 
over crowded plantation. Trees from coppice would probably have 
about two years advantage in height growth. The average yield of gum 
Arabic is probably about 250 g per tree per annum. A good garden in 
a good season may yield an average of 500 to 600 g per tree. 
Occasionally higher yields are recorded, one tree yielded 2686 g in a 
single season, but such yields are however quite exceptional.  
 Acacia senegal is not very fire resistant; early fires (before 
November) are said to do little harm but late fires if repeated for   
three years will kill the trees. Also repeated grazing will kill the 
seedlings. The seedling are eaten by millipedes and the tree damaged 
by a web-spinning caterpillar. The locust, Anacridium wernerella, by 
defoliating the tree, greatly reduces gum yield.  
The most important value of Acacia senegal is in production of 
gum Arabic, firewood and charcoal. 
 
2.4.3 Acacia stenophylla A. cunn. Ex. benth: 
 It is an Australian tree species mainly distributed in the northern 
territory and the arid and semi arid zones of western Queensland. The 
major occurrence is in the semi arid zone of New South Wales where 
summer temperatures are high throughout the area. Rainfall ranges 
between 300 and 450 mm in the south but as high as 625 mm in parts 
of Queensland. In the south the tree flowers during March – August 
and pods become woody as they mature during October – December 
(Hall et al., 1972). 
 Seed germination is prolific and growth rate is moderate to fast. 
Coppicing may occur under favourable conditions when young.  
Wood is very dark reddish-brown to almost black; close-grained 
taking polish readily, it is suitable for furniture and makes good 
firewood, fence post and the tree itself is suitable for windbreaks, 
shelter and shade. It has a potential to be grown in an agroforestry 
combination with pastures. The tree is adapted to saline, heavy clay 
soils in arid and semi-arid areas where supplementary ground water is 
available. It prefers alluvial soils and is not usually seen on sandy 
areas. It can also grow on saline and sodic soils (Hall et al., 1972). 
Seeds powder is a good repellant of insects (Hudieba Agroforestry 
Research, 2000).   
2.4.4 Acacia ampliceps (Maslin): 
  Shrub or small tree 2 – 8 m high with 1 – 4 stems branching 
from the ground. Crown is spreading with a distinctively dark green 
canopy; branch lets are smooth yellowish green. Phyllodes are 
variable usually linear lanceolate to narrowly obovate with a 
prominent yellow midrib; one prominent gland at the bottom of the 
upper face of the blade; flowers are white-cream in globose heads. 
Pods are hard, rough, brittle and slightly constricted between seeds. 
Margins are yellow soft. Seeds are set longitudinally in the pods. 
There are about 34000 viable seeds per kilogram. Main flowering 
period is May – August (Le Houerou, 2005). In the Sudan flowering 
period is January and fruiting April (Hudeiba Agroforestry Research, 
2000). The tree spreads by seeds or root-suckers, it coppices readily 
and it is fast growing reaching more than 1.3 m height in one year.  
 The natural habitat is between latitude 16 and 26oS from near 
sea level up to 400 m altitude. It occurs mainly in warm to hot semi 
arid and arid zones under mean annual rainfall of 250 – 700 mm with 
a summer maximum and a dry season of 5 – 9 months. It is found on 
frost-free zones, flood plains and along drainage lines. Soils are 
usually alluvial and typically strongly alkaline. 
 Acacia ampliceps is one of the most salt-tolerant acacias and is 
associated with in-land salt-lakes. It is most frequently found in 
fringing communities along drainage lines in acacia dominated shrub 
land and open wood land (Le Houerou, 2005). 
 The tree has a dense crown and its timber is beautiful resistant 
to insects and makes fine décor. Wood is used as firewood due to the 
high calorific value. The tree is good for wind breaks. Sand dune 
fixation and saline waste land rehabilitation. It is also a useful fodder 
with average forage quality. The tree is suitable for general 
afforestation and agroforestry. 
 
 
   
CHAPTER THREE 
MATERIALS AND METHODS 
3.1 Materials: 
 The study was conducted in Rawashda-Wad Kabo Forest 
reserve (Latitude 14o15'N and Longitude 35o45'E) (Appendix 1). The 
forest reserve lies between two transitional types of low rainfall 
woodland savanna on clay- Acacia mellifera thorn land and Acacia 
seyal – Balanites aegyptiaca woodland. The main annual rainfall is 
550 mm falling during July-September (Appendices 2.1, 2.2). 
Temperature ranges between 16 and 21oC in winter and 26 – 40oC in 
summer reaching highest in April (Appendices 2.3, 2.4). 
 Soils are dark heavy deep cracking clay usually deficient in 
nitrogen and phosphorous. 
 The dominat vegetation types are: Acacia seyal var. seyal, 
Acacia senegal, Acacia nubica patches of Acacia mellifera and 
scattered Balanites aegyptiaca with a ground vegetation dominated by 
monocotyledonae (Appendix 3). 
3.2 Methods: 
 The experimental site was initially surveyed using compass, 
ranging rods and measuring tape. The site was then disc-harrowed and 
furrow-ploughed by a small tractor.  
 Planting and sowing was done during the first week of August 
2004 as per the experimental design - Randomized Complete Block 
Design (RCBD) with three replications. The test species Acacia seyal, 
Acacia senegal, Acacia stenophylla and Acacia ampliceps constituted 
the treatments (Appendices 4.1, 4.2, 4.3 and 4.4). Two experiments 
were conducted: one using seedlings obtained from the forest 
nurseries and the other sowing seeds obtained from the forest tree seed 
centre (Fig. 1). 
 24 m x 24 m plots (576 m2 in area) were accurately demarcated 
with each plot containing 49 seedlings at 4 m x 4 m spacing along 7 
ridges. Each block contained 4 plots-one for each species. Block area 
was 2916 m2 (54 x 54 m) including the inter plot guard areas (6 m, 
which was left without planting). The blocks were 300 m apart. Each 
block contained 196 seedlings. Seedlings were planted in holes dug by 
hoe and were then firmed by filling with soil around the roots.  
 In the seed plots, 5 seeds were sown directly into small pits at 
the bottom of ridges. Seedlings of Acacia ampliceps and Acacia 
stenophylla were raised at Soba Research Nursery and transported to 
the site during July 2004.  
 Seedlings of Acacia seyal var. seyal and Acacia senegal were 
raised locally at El Showak Nursery. 
 Seeds of Acacia ampliceps and Acacia stenophylla were 
obtained from Soba tree Seed Centre and seeds of Acacia seyal and 
Acacia senegal were obtained from Gedaref Tree Seed Centre. 
 By the end of August the young seedlings were singled and 
thoroughly weeded. Moreover, the cracks were filled with soil after 
the rainy season to minimize desiccation. 
 Measurements were taken monthly commencing December 
2004 across January, February, March, April, May, June and July 
2005.  
 The following parameters were measured: 
1. Shoot length-by steel tape to the nearest centimeters. 
2. Diameter at root collar-by vernia scale to the nearest millimeter. 
3. Tap root length, by steel tape to the nearest centimeters. 
4. Root spread, by steel tape to the nearest centimeter. 
5. Biomass-by sampling two seedlings per plot and weighing by 
electric balance at the tree seed centre, Gedaref, During July 
2005.  
6. Survival percent – by counting the number of seedlings 
surviving and calculating the percentage.  
Shoot length, diameter at root collar and survival % were 
recorded monthly from December 2004 to July 2005. Root shoot ratio, 
root spread, fresh and dry weights of roots and shoots were recorded 
once at final measurement in July 2005. 
Analysis of variance was done by JMP programme. Tukey 
Kramer's analysis was adopted to compare the means (Appendices 5.1 
and 5.2). 
Shoot length was averaged for the experimental period 
December 2004 – July 2005 and then analyzed; similarly with root 
collar diameter and survival % for the other parameters. The final 
measurement data were statistically analyzed. 
Data analysis 
 Results were analyzed using JMP system. Analysis of variance 
(ANOVA) was made to determine the significance of the variation 
between the species for seed and seedlings experiments during 
December 2004 to July 2005. 
 Tukey Kramer's analysis methods was used to compare mean 
values of various grown parameters.   
 
  
 
Fig. 1: Layout of the Experiments 
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(B) Seed blocks 
                        (1)      300m        (2)        300m             (3) 
 
 
24m 
 
 
 
 
 
 
24m 
 
 
 
 
 
 
 
 
A
ca
cia
 
seyal
 
A
ca
cia
 
sten
ophylla
 
A
ca
cia
 
sen
eg
al
 
A
ca
cia
 
a
m
plicep
s
 
A
ca
cia
 
a
m
plicep
s
 
A
ca
cia
 
sen
eg
al
 
A
ca
cia
 
sen
eg
al
 
A
ca
cia
 
a
m
plicep
s
 
A
ca
cia
 
seyal
 
A
ca
cia
 
sten
ophylla
 
A
ca
cia
 
sten
ophylla
 
A
ca
cia
 
seyal
 
A
ca
cia
 
sten
ophylla
 
A
ca
cia
 
a
m
plicep
s
 
A
ca
cia
 
sen
eg
al
 
A
ca
cia
 
seyal
 
A
ca
cia
 
sen
eg
al
 
A
ca
cia
 
sten
ophylla
 
A
ca
cia
 
sen
eg
al
 
A
ca
cia
 
seyal
 
A
ca
cia
 
a
m
plicep
s
 
A
ca
cia
 
sten
ophylla
 
A
ca
cia
 
seyal
 
A
ca
cia
 
a
m
plicep
s
 
CHAPTER FOUR 
RESULTS AND DISCUSSION 
 
 The results of this study are tabulated in tables 1 to 6 and 
annexes 1 to 8 and appendices 1 to 5. 
4.1 Seedling plots: 
4.1.1 Shoot length: 
 Analysis of variance of average shoot length of species 
regenerated by seedlings showed highly significant differences 
between the tree species tested at probability level 0.0001. The 
average measurements from December 2004 to July 2005 showed 
significant differences between Acacia seyal, Acacia stenophylla, 
Acacia ampliceps and Acacia senegal (49.29cm, 39.96cm, 30.42cm 
and 29.79 cm respectively). 
 According to the finding Acacia seyal var. seyal gave the 
highest average shoot length in comparison with the other tree species 
(Table 1). The exotic species Acacia stenophylla is rated second 
followed by Acacia ampliceps and Acacia Senegal. There were no 
significant differences between Acacia ampliceps and Acacia Senegal 
in shoot length. 
 This result compares fairly with Elsheikh (1987) who stated that 
Acacia seyal was a fast growing species able to attain a height of 5 
meters in 2 years under favourable conditions. In this respect 
Bosshard (1966) reported that in irrigated plantations Acacia senegal 
gave an average height growth of about 55 cm per year at Khartoum 
green belt. At Hudaiba Agricultural Research Station Acacia 
ampliceps, Acacia stenophylla and Acacia senegal 10 months old on 
clay showed relatively moderate to fast growth under irrigation as 
follows: 250 cm, 204 cm and 123.9 cm respectively (El Safi, 1994). 
According to Goda (1976) the annual height increments were 
83 cm for Acacia senegal and 79 cm for Acacia seyal on clay soils 
under irrigation in Wad Medani arboretum.  
 The discrepancy in height growth is due to the fact that 
establishment and growth of Acacia Senegal on clay plain depends 
solely on rains since no irrigation water is available. Here soil working 
techniques may help good establishment and performance of tree 
species as recommended by Khan (1965). Furthermore Kozolwski 
(1968) stated that plant development is limited to some extent by 
either too little or two much water but mostly the former. Therefore 
many tree species posses a mechanism for leaf abscission during the 
dry period thus reducing transpiration losses.  
4.1.2 Root collar diameter growth:  
 The average root collar diameter of the tested species showed 
non-significant differences between species. According to the finding 
the average diameter at root collar for the species tested during the 
period December 2004 to July 2005 were as follows: Acacia 
stenophylla 8 mm, Acacia seyal 7 mm, Acacia senegal 7 mm and 
Acacia amplicens 5 mm (Table 1). In this respect, Gradual (1986) 
reported that Acacia seyal variety seyal gave a root collar diameter 
growth of 1 cm per year in such site.  
4.1.3 Survival rate: 
 The average survival rate showed high significant differences 
between the species tested viz. 87.7% for Acacia seyal, 83.1% for 
Acacia senegal, 66.8% for Acacia stenophylla and 56.8% for Acacia 
ampliceps (Table 1). The higher rates are shown by the indigenous 
species Acacia seyal and Acacia senegal while the exotic species 
Acacia stenophylla and Acacia ampliceps gave less survival.  
It is worth mentioning that the survival rate varied with season. 
Thus for Acacia seyal the rates were ranging between 94.6% in 
December 2004, 92.8% January 2005, 89.1% in February, 88.4% in 
March, 88.4% in April, 83.7% in May, 82.3 in June and 82.3% in July 
2005 (Annex 3.1). The trend is declining survival rates with increasing 
drought conditions.  
Acacia senegal survival rate ranged between 89.1% in 
December 2004, 87.0% in January, 83.7% through February, March 
April and May, 77.6% in June and 76.9% in July 2005 (Annex 3.2). 
The results of the trials showed that the indigenous species Acacia 
seyal and Acacia senegal were very adapted to the site. On the other 
hand survival rates of Acacia ampliceps is ranged between 93.1% in 
December 2004, 93.1% in January 2005, 88.4% in February, 84.3% in 
March, 53.7% in April, 33.3% in May, 5.4% in June and 4.1% in July 
2005 (Annex 3.3). This indicates that Acacia ampliceps does not 
tolerate the drought that prevails in the summer months in Sudan. 
Contrary to this, Acacia stenophylla showed a range of 93.2% survival 
during December 2004, 93.2% in January 2005, 87% in February, 
84.4% in March, 57.8% in April 42.2% in may, 26.5% in June and 
19.7% in July 2005 (Annex 3.4), thus showing more tolerance to the 
summer months of Sudan. This is probably due to the slender 
phyllodes in contrast to the broader bigger and ever green phyllodes of 
Acacia ampliceps. 
According to the study the survival rate was different from one 
species to another of the four species tested. Normally survival rate is 
much influenced by the amount of available water in the soil but there 
is variation in the degree of tolerance to desiccation between tree 
species (Toumey et al., 1947). According to Hennessey (1986) water 
deficits  regardless  of  causes,  result  in  growth  reduction and affect 
species survival and distribution. In this respect plants living in dry 
habitats are divided into four groups: drought escaping, drought 
evading, drought enduring and drought resisting. Drought resistant 
plants can hold moisture in leaves and stems in relatively large 
quantities (Kozolwski, 1968). In one sense at least all these plants 
might be considered "xerophytes' since this word was used originally 
with a phytogeographical condition, but use of the word "xerophytes" 
is awkward, since the drought-escaping ephemerals may possess no 
adaptations to withstand drought other than producing drought-
resistant seeds; such plants have been called "pseudoxerophytes. Tree 
xerophytes are usually thought to be plants that can withstand 
physiological drought of the soil or of high evaporation of the air 
without cessation of the living process.  
The second category mentioned - drought evading plants, was 
thought to include those that economized water use. In other words 
some plants, such as cereals of semiarid regions transpired little for a 
certain amount of unit dry weight increment in comparison with others 
which  transpired a great deal for the same amount. 
The third category mentioned was drought-enduring plants 
which were thought to include semi-desert shrubs that do not conserve 
water but loose their leaves and although drying to four levels still 
survive. 
Finally the drought resistance plants were thought to be the 
"truly drought-resistant plants' that are those which held water in 
leaves and stems in relatively large quantities.  
In the present study the local species Acacia seyal variety seyal and 
Acacia senegal can be classified as drought resistant. Seedlings that 
have a succulent stem suffer more from drought than those which 
develop woody stem (Badi et al., 1989). 
According to the findings the average survival rate of Acacia 
senegal is 83.1%. Which is akin to Tahir (1998) who stated that the 
greatest survival percentage obtained for an Acacia senegal plantation 
using nursery stock in Rowashda Wad Kabo forest reserve in 1997 
season was 78.8%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Table 1: The seedling plots growth parameters of the tested species 
(December 2004 to July 2005). 
Parameter 
 
Species 
Average 
shoot length 
(cm) 
Average 
diameter at root 
collar (cm) 
Average 
survival 
(%) 
Acacia seyal 49.3a 0.70a 87.1a 
Acacia stenophylla 40.0b 0.83a 66.8c 
Acacia senegal 30.0c 0.67a 83.2b 
Acacia ampliceps 30.4c 0.47a 56.8d 
 
*  Values within the column that bear different letters are 
significantly different at probability level P= 0.0001. 
* Values within the column that bear same letters are not 
significantly different at probability level P= 0.2178. 
* The average shoot length S.E.= + 1.3455 at P level 0.0001 
* The average diameter at root collar S.E. = + 0.12209 
* The average survival rate S.E. = + 1.3455. 
 
 
 
 
 
 
 
 
 
 
4.1.4 Root system (cm): 
 Measurements of the main and lateral roots of the four species 
tested are shown in Table (2). Both Acacia seyal and Acacia senegal 
developed relatively long tap roots. According to Badi et al. (1989), 
indigenous Acacia species have developed root systems that take full 
advantage of even the lighter showers by spreading a network of fine 
rootlets just near the ground surface and a second proliferation of the 
roots in the lower layers that remain comparatively moist even during 
the hot weather. Thus Acacia seyal roots which are usually confined to 
the top meter of the soil, occasionally develop deeper root systems 
adapting to the normal soil moisture regime. In this respect, Khan 
(1965) recommended that soil working should be so devised that the 
upper network of fine rootlets has an ample chance of adequate 
development.  
 Root depth is one of the most important factors influencing not 
only survival of many semi desert plants but also relatively 
mesophytic plants as stated by Kozolwski (1968) who further 
mentioned that the period of root elongation in trees may be shortened 
by low level  of soil moisture during the growing season. Moreover 
warm temperatures may enhance root growth. This is significant since 
deep root penetration is conducive to efficient water absorption by the 
seedlings. The exotic species Acacia stenophylla and Acacia 
ampliceps developed short tap roots, 34.5 and 23.5 cm respectively, 
while the indigenous species developed relatively long tap roots, 66 
and 35 cm respectively. This probably resulted in the poor absorption 
of water and a higher mortality percent as the finding showed. 
Moreover the indigenous species Acacia seyal and Acacia senegal 
posses a wide root spread 115 and 85 cm respectively while the exotic 
species posses a very narrower root spread 37.4 and 24.0 cm 
respectively. The indigenous Acacia are more suitable to harsh 
conditions since they tend to develop longer root system that seeks 
water in deeper horizons (El Hadi, 1996). 
 The study of the relationship of the below and aboveground 
growth expressed as root/shoot ratio showed better ratios for the 
indigenous species viz. Acacia seyal 0.64, Acacia senegal 0.62, 
Acacia stenophylla 0.34 and Acacia ampliceps 0.23. According to the 
findings the indigenous species showed higher root/shoot ratios 
relative to the exotic species which gave the indigenous species 
advantage in water absorption and other minerals and consequently 
better establishment and growth (Hennessey, 1986). Values of final 
growth parameters of seedling plots are presented in table 2.  
4.1.5 Biomass: 
 According to the finding the shoot fresh weights computed were 
as follows: Acacia seyal 7.3 g, Acacia senegal 4.8 g, Acacia 
stenophylla 3.3 g and Acacia ampliceps 3.2 g.; the corresponding root 
fresh weights were 3.2, 2.9, 2.9 and 1.5 g respectively. The shoot and 
root dry weights were 5.2 and 2.9 g for Acacia seyal, 3.7 and 2.0 g for 
Acacia senegal, 2.9 and 1.3 g for Acacia stenophylla and 2.0 and 0.9 
for Acacia ampliceps. In this respect, El Hadi (1996) stated that 
drought tolerant species tend to develop little above ground biomass to 
minimize water loss through stomata.  
 
 
  
 
 
Table 2: Values of final growth parameters of seedling plots (July 2005) 
Parameter Acacia 
seyal 
Acacia 
Stenophylla. 
Acacia 
senegal 
Acacia 
ampliceps 
Shoot length (cm) 103.50 102.50 56.80 101.00 
Tap root length (cm) 66.00 34.50 35.00 23.00 
Root spread  (cm) 115.00 37.40 85.00 24.00 
Root/shoot ratio .64 0.34 0.62 0.23 
Shoot fresh wt (g) 7.30 3.30 4.84 3.20 
Root fresh wt (g) 3.20 2.90 2.90 1.50 
Shoot dry wt (g) 5.20 2.90 3.70 2.00 
Root dry wt (g) 2.90 1.30 2.00 0.85 
 
 
 
 
 
 
 
4.2 Seed plots: 
4.2.1 Shoot length (cm): 
 Analysis of variance for shoot length of the tree species tested 
showed highly significant differences between the species tested. 
Average of growth measurements from December 2004 to July 2005 
were 31.8, 31.8, and 26.0 cm for Acacia seyal, Acacia stenophylla, 
and Acacia senegal. Although there is no significant difference 
between the above species the apparent highly significant difference is 
due to complete failure of Acacia ampliceps (Table 3). Although 
Acacia ampliceps seeds germinated after sowing yet all the seedlings 
succumbed afterwards before the first measurement due to the delay in 
rainfall. The relatively short shoot length of Acacia senegal is normal 
for the species which is rather slow generally in clay soils. This is akin 
to Badi et al. (1989) who reported that in clay soils of Gedaef at Qala 
en Nahal the growth of Acacia senegal is perhaps a little slower. The 
trees average height growth was 1.4 m at 7 years old but these were 
from seed sown direct and in a rather overcrowded plantation.  On the  
other  hand  Acacia seyal var seyal on  favourable sites showed fast 
juvenile growth more than 1 m per year (Finnida FNC. 1990; ). 
According to Badi et al. (1989) who reported that at Qala Elnahal in 
Gedaref State, under normal conditions, Acacia seyal approximately 7 
years old averaged growth of about 4.5 meters high and 5 cm in breast 
height diameter. This emphasizes the environmental impact on tree 
growth. Acacia senegal on the dark cracking clays of the central and 
eastern Sudan is never as pure as on the sands. In water requirements, 
it appears to be intermediate between Acacia mellifera and Acacia 
seyal and is usually found mixed with one of these species, generally 
the latter. According to Tahir (1998) the pit sowing of Acacia senegal 
in Rawashda Wad Kabo forest gave 43.9 cm in height. 
4.2.2 Diameter at root collar (mm): 
 Excluding Acacia ampliceps which was a complete failure, 
diameter at root collar was closely similar for the three species Acacia 
seyal, Acacia stenophylla and Acacia senegal, 5, 5 and 5 mm 
respectively (Table 3). This compares with Tahir's (1998) finding of 5 
mm root collar diameter for Acacia senegal pit-sown at Rawshda Wad 
Kabo forest. 
 In this respect, Gradual (1986) stated that Acacia seyal can 
fairly attain early root collar diameter growth of 1 cm per year in such 
sites. 
4.2.3 Survival rate: 
 The average survival rates were: 93.3% for Acacia seyal, 90.0% 
for Acacia senegal, 80.4% for Acacia stenophylla and zero rate for 
Acacia ampliceps (Table 3). This exaggerated the significant tests. 
The average survival rates for the months December 2004 to July 
2005 was as follows: Acacia seyal 100% survival during December, 
January, February, March through April and May the 85% during 
June-July 2005 (Annex 7.1). Acacia senegal gave 100% survival 
during December 2004 to February 2005, 95% in March 90% in April, 
80% during May and 75% through June-July 2005 (Annex 7.2). The 
exotic Acacia stenophylla gave 100% survival during December 2004, 
January, February and March 2005, 85% in April and 75% in May, 
June and July 2005 (Annex 7.3). Acacia ampliceps has completely 
failed. 
 According to Rinaulo et al. (1999) the Australian Acacias are 
generally easy to propagate from seed in nurseries while direct sowing 
has been successful in wetter areas of Senegal and Northern Nigeria 
but has not worked in zones with extended dry season and large 
numbers of free-range livestock. Rinaudo et al. (1999) further 
reported that trials at Maradi district of Niger Republic have failed to 
establish Acacia by direct sowing.  
The survival rates shown are satisfactory for plantation 
establishment if there are no serious hazards. Hence it can be sated 
that Acacia stenophylla is fairly tolerant of the site. The survival rate 
for the final measurements at the end of the field experiment in July 
2005 was 93.3% for Acacia seyal and 90% for Acacia senegal. This is 
akin to Vink et al. (1990) who reported that survival rates were 94% 
for seedling plantation and 73% for sown plantation of Acacia seyal 
and Acacia senegal. Similarly Tahir (1998) obtained an average 
survival rate of 73% for Acacia senegal pit sown in Rawashda Wad 
Kebo forest. Mustafa (1997) reported that the survival rate of Acacia 
seyal var. seyal in Wad El Bashir forest ranged between 78% in the 
individual years followed and the fluctuation in rainfall from 272 mm 
to 681 mm. Similarly, Mohammed (1999) reported that the survival 
rate of Acacia senegal was 72% and the survival rate of Acacia seyal 
was 63% at University Farm in Shambat under periodic irrigation.  
 
 
 
 
 
  
Table 3: The seed plots growth parameters of the tested species 
(December 2004 to July 2005). 
 
Parameter 
 
Species 
Average 
shoot length 
(cm) 
Average 
diameter at root 
collar (cm) 
Average 
survival 
(%) 
Acacia seyal 31.8a 054a 93.3a 
Acacia stenophylla 31.8a 0.48a 80.4c 
Acacia senegal 26.5a 0.46a 90.0b 
Acacia ampliceps 0.00b 0.00b 0.00d 
 
*  Values within the column that bear different letters are 
significantly different at probability level P= 0.0001. 
* Values within the column that bear same letters are not 
significantly different at probability level P= 0.2178. 
* The average shoot length S.E.= + 2.1039  
* The average diameter at root collar S.E. = + 1.0367 
* The average survival % S.E. = + 1.0367 
 
 
 
 
 
 
 
4.2.4 Root system (cm): 
 Measurements of the main and lateral roots of the surviving 
species regenerated by seeds gave the tap roots length as follows: 46.0 
cm for Acacia seyal, 25.5 for Acacia senegal and 25.0 cm for Acacia 
stenophylla. The lateral roots spread of the tested species were 85 cm 
for Acacia seyal, 41.0 cm for Acacia senegal and 37.0 cm for Acacia 
stenophylla. According to Badi et al. (1989) Acacia senegal seedlings 
on sands develop long tap roots that penetrate deeper than on clays 
where the roots are superficial. On the other hand the root/shoot ratios 
were 0.47 for Acacia seyal, 0.46 for Acacia senegal and 0.25 for 
Acacia stenophylla (Table 4). According to the findings, Acacia seyal 
possessed fairly long tap roots and well spread lateral roots: similarly 
Acacia senegal which possessed fairly long tap roots and well 
developed lateral roots. The exotic species Acacia stenophylla 
developed tap and lateral roots shorter than the two former indigenous 
species. The root/shoot ratio of the indigenous species Acacia seyal 
and Acacia senegal is significantly higher than the exotic species 
Acacia stenophylla. Khan (1965) reported that detailed analysis of the 
root system of Acacia senegal indicated that the main moisture 
absorbing finer roots are located within 18 cm of the top soil layers. A 
second proliferation of roots layers occurs at a much greater depth 77 
cm: Thus the root system of Acacia senegal (2 years old) takes 
advantage of light  showers  of  rains  which  do  not  penetrate  into 
clay soil to any appreciable depth and also during prolonged dry 
periods when moisture is located in deeper layers. Khan (1965) further 
reported that at Wad El Bashir forest near Hawata a natural seedling 
of Acacia seyal 3 years old was also studied in the same locality; that 
study revealed that there is a main mass of finer roots at a depth of 
about   36 cm and a second proliferation of roots at a depth of about 
96 cm. Roots length was of critical importance at the early stages 
since it enables the seedlings to utilize deep soil layers for moisture.  
4.2.5 Biomass: 
Shoot and root fresh and dry weights are presented in Table 4. 
Acacia seyal var. seyal giving the highest shoot and root fresh weight 
followed by Acacia senegal and Acacia stenohylla which gave the 
least shoot and root fresh weight. Similarly the shoot and root dry 
weights were higher for Acacia seyal followed by Acacia senegal and 
Acacia stenophylla.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Table 4: Values of final growth parameters of seed plots (July 2005) 
Parameter A. seyal A. Sten. A. senegal A. ampl. 
Shoot length (cm) 97.00 100.00 54.50 - 
Tap root length (cm) 46.00 25.00 25.50 - 
Roots spread (cm) 85.00 37.00 41.00 - 
Root/shoot ratio 0.47 0.25 0.46 - 
Shoot fresh wt (g) 4.10 2.10 2.80 - 
Root fresh wt (g) 3.00 1.40 2.60 - 
Shoot dry wt (g)  3.10 1.90 2.10 - 
Root dry wt (g) 2.10 0.90 1.90 - 
 
 
 
 
 
 
 
 
 
 
 
 
4.3 Comparison between seed and seedling plots: 
 In comparing seed and seedling plots, the latter were superior in 
both height and diameter growth relative to the seed plots, the seed 
plots gave higher survival rates than the seedling plots. Also the 
indigenous species gave higher survival rates than the exotic species 
(Table 5). 
 Final measurement of the roots showed better performance for 
seedling plots (Table 6). The indigenous species gave longer tap roots 
and lateral roots and bigger root/shoot ratios both by sown seeds 
and/or  seedlings in comparison with the exotic species. In this respect 
Acacia seyal was superior to the other species. Although Acacia 
senegal gave short heights compared with the exotic species, yet it 
gave higher survival rates and longer tap roots and lateral roots both 
by seedlings and seeds. This is significant since good roots growth 
reflect on increased soil moisture and hence more resistance to 
drought as indicated by Hale et al. (1987). 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
Table 5: Comparison between seedling and seed plots in growth 
parameters (December 2004 to July 2005). 
 
Average shoot 
length (cm) 
Average diameter 
at root collar (cm) 
Average survival 
rate % 
                Growth 
 parameter 
Species Seedlings 
plots 
Seed 
plots 
Seedlings 
plots 
Seed 
plots 
Seedlings 
plots 
Seed 
plots 
Acacia seyal 49.3a 31.8a 0.70a 0.54a 87.1a 93.3a 
Acacia stenophylla 40.0b 31.8a 0.83a 0.48a 66.8c
 
80.4c 
Acacia senegal 30.0c 26.5a 0.68a 0.46a 82.2b 90.0b 
Acacia ampliceps 30.4c 0.0b 0.47a 0.00b 56.8d 0.0d 
 
*  Values within the column that bear different letters are 
significantly different at probability level P= 0.0001. 
* Values within the column that bear same letters are not 
significantly different at probability level P= 0.2178. 
S.E. for the seedling average shoot length = ±1.3455 and for seed 
sown seedlings = +2.1039 
S.E. for the seedling average diameter at root collar = ±0.1221 and for 
seed sown seedlings = +1.0367. 
S.E. for the seedling average survival % = ±1.3455 and for seed sown 
seedlings = ±1.0367 
 
 
 
 
 
 
 Table 6: Comparison between seed and seedling plots in shoot and 
root and the biomass (July 2005). 
 
Blocks Parameter Acacia 
seyal 
Acacia 
senegal 
Acacia 
Stenophylla 
Acacia  
ampliceps 
Shoot length (cm) 97.0 54.5 100 0.0 
Tap root length (cm) 46.0 25.5 25.0 0.0 
Roots spread (cm) 85.0 41.0 37.0 0.0 
Root/shoot ratio 0.47 0.46 0.25 0.0 
Shoot fresh wt (g) 4.10 2.80 2.10 0.0 
Root fresh wt (g) 3.00 2.60 1.40 0.0 
Shoot dry wt (g) 3.10 2.00 1.90 0.0 
Seeds 
Root dry wt (g) 2.10 1.90 0.90 0.0 
Shoot length (cm) 103.50 56.50 102.50 101.00 
Tap root length (cm) 66.00 35.00 34.50 23.00 
Roots spread (cm) 115.00 85.00 37.40 24.00 
Root/shoot ratio 0.64 0.62 0.34 0.23 
Shoot fresh wt (g) 7.30 4.84 3.30 3.20 
Root fresh wt (g) 3.20 2.90 2.90 1.50 
Shoot dry wt (g) 5.20 2.90 2.90 2.00 
Seedlings 
Root dry wt (g) 2.90 2.00 1.30 0.85 
 
 
 
 
 
 
 
 
CHAPTER FIVE 
CONCLUSIONS AND RECOMMENDATIONS 
5.1 Conclusions: 
Although the trials were still young (12 months) when last 
assessed, it is tentatively concluded that all the four species (Acacia 
seyal var seyal, Acacia senegal, Acacia stenophylla and Acacia 
ampliceps) established at field conditions under rainfall but in the seed 
plots Acacia ampliceps had succumbed after seed germination 
probably due to desiccation. All seedlings plots showed good growth 
initially.  
Acacia seyal var. seyal, Acacia senegal and Acacia stenophylla 
were relatively fast growing in the site both by seedlings and seeds. 
Acacia seyal and Acacia senegal from seedlings or by seeds origin 
both have established fairly deep tap roots and long lateral roots. 
Acacia stenophylla showed fairly poor lateral roots and tap root both 
by seedlings and seeds origin. Similarly Acacia ampliceps also has 
shown fairly poor tap root and lateral roots for seedlings plots (growth 
failed in seed plots). 
Acacia seyal var. seyal and Acacia senegal have good survival 
rates both by seedlings and seeds, Acacia stenophylla and Acacia 
ampliceps showed good survival rate during the period from August 
until March. After that the survival rate decreased at an increasing rate 
until June; the inference is that these two exotic species need to be 
under supplementary irrigation during the summer months.  
Acacia seyal var. seyal gave good average shoot growth by 
seedlings in comparison with the other three species. Acacia 
stenophylla gave good average diameter both by seedlings and seeds 
sown in comparison with Acacia ampliceps. Although Acacia senegal 
gave fairly poor shoot growth in comparison with Acacia stenophylla, 
Acacia ampliceps and Acacia seyal yet it gave good survival rates and 
long fairly deep tap roots and lateral roots in comparison with exotic 
Acacias; Acacia stenophylla and Acacia ampliceps. Acacia seyal var. 
seyal has a good survival rate and a fast growth in addition to the long 
fairly deep tap root and lateral roots. All these characteristics make 
Acacia seyal a valuable species for afforestation in savannah dark 
cracking clays as it withstands the harsh climatic conditions, restores 
soil fertility, provides fodder, charcoal, firewood, poles and gum.  
 
 
 
 
 
 
 
 
 
 
 
 
5.2 Recommendations: 
1. Acacia seyal var. seyal is recommended as the best tree for 
afforestation and reforestation programmes for rainfed areas in 
savanna dark cracking clays in Gedaef State. 
2. Acacia senegal can be used in rehabilitation programmes in 
savanna dark clay soils but at a small-scale second to Acacia 
seyal.  
3. It is advisable to grow the indigenous species by seeds. 
4. Further research is to continue for the exotic species Acacia 
ampliceps and Acacia stenophylla for afforestation and re-
forestation under field conditions in higher rainfall areas.  
 
 
 
 
 
 
 
 
 
 
 
 
 
REFERENCES 
Abdel El Nour, H.O. (1995). Forest products consumption survey in 
the Sudan. 
Ahmed, A. (1986). Some aspects of dry land afforestation in the 
Sudan with special reference to Acacia tortilis (Forsk.) Hayne, 
Acacia senegal (L) willd and Prosopis chilensis (Molina)  
stuntz Forest Ecology and Management, 16 Elsevier Science 
Publishers, B.V., Amsterdam, the Netherlands.  
Badi, K.H., Ahmed A.E. and Bayoumi, A.M.S. (1989). The forests of 
the Sudan. 
Bosshard, W.C. (1966). Tree species for the Khartoum green belt and 
other irrigated plantations in arid zones. UNDP/for Res. 
Pamphlet, No. 22.  
Dawelbait, N., Yousif, S., Branthomme, A. El Mahi, A.G., Dellungo, 
A. Abdel Nour, H. Gaafar, A. (2006). Global forest resources 
assessment 2005 estimating forest cover and forest cover 
change in Sudan. Working paper (109), Rome, 2006.  
El Amin, H.M. (1973). Sudan Acacias Forest Research Institute 
Bulletin, No. 1. 
El Amin, H.M. (1976). Geographical distribution of the Sudan  
Acacias, Forest Research Bulletin, No. 2. 
El Amin, H.M. (1990). Trees and shrubs of the Sudan. Ithaca Press 
Exeter. 
El Hadi, M.A. (1996). Growth performance of six tropical trees in the 
nursery. M.Sc. Thesis, Faculty of Forestry, University of 
Khartoum.  
El Safi, H. (1994). Long term experiments. Annual Report Hudieba 
Research Station, Forest Research Section. 
Elsheikh, E.A. (1987). Some notes on Acacia seyal var seyal, Brenan, 
Sudan Silva, NO. 26 Vol. VI. 
Elshowak Agricultural Complex Report (2005). 
FAO (2005). State of the world forest. 
Finnida and FNC (1990). Agroforestry development in the gum belt 
of the Sudan, Finnida in Cooperation with Forests National 
corporation, Sudan. Pre-feasibility study draft. 
FNC (2002). Gedaref Annual Report (2002). 
Gebaur, W.G. (1993). The influence of crop rotation and tillage on 
the production of vertisol in the Nuba Region of Sudan. Plant 
Research and Development. 
Gedaref Meteorological Station Report (2004). 
Global Forest Resources Assessment (2005). Country Report 212, 
Rome.  
Goda S. (2006). Afforestation in arid lands with particular reference 
to the Sudan. Desertification and Desert Cultivation Studies 
Institute/UNESCO chair on Desertification, University of 
Khartoum Press. 
Goda S., (2005). Personal communication 
Goda, S., Bayomi, A., Abdalla, E., Fad El Mula, A. and Abd El 
Magid, T.D. (1989). Report on Social and Ecological Impact    
of Large Scale Eucalyptus Planting, Forest Administration, 
Khartoum.  
Graudal, L. (1986). The supply of forest tree seed in Sudan with 
special emphasis on Acacia seyal and small-scale seed storage 
facilities. FAO, Rome. 
Hale, M.G. and David, M. (1987). The physiology of plant under 
stress. John Wiley and Sons, New York. 
Hall, N., Boden, R. Christian, C.S. Condon, R. Dale, E. Hart, A., 
Leigh, I. Marshal, J. Mcarthur, A. Russell, V. and Turnbull,      
J. (1972). The use of trees and shrubs in the dry country            
of Australia. Australian Government Publishing Service, 
Canberra, 1972.  
Hennessey, T.C., Dougherty, P.M., Kossuth, S.V. and Johnson, J.D. 
(1986). Stress physiology and forest productivity, martinus 
Nijhoff Publishers, Orodrecht, Boston, Lancaster.  
Hudieba Agroforestry Research Section (2000). Training of trainers 
and local leaders, Workshop on Agroforestry and Extension 
Methodolgy, March – April 2000. 
Hull, G. (2005). Acacia stenophylla (shoestring acacia). 
http:/www.fao.org/AG/Agr/agric/doc/gbase/DATA/PF000385. 
HTMW9.    
Khan, M.A.W. (1965). Seeding and planting on clay plains. Forest 
Research Centre Pamphlet. 
Kosolowski, T.T. (1968). Water deficits and plant growth. Volum4 1, 
Academic Press, New York and London. 
Kosolowski, T.T. (1968). Water deficits and plant growth – Volume 
II. Academic Press, New York and London. 
Le Houerou, (2005). Acacia ampliceps http/www.fao.org/ag/AGOC/ 
doc/GBASE.DATA/Pf00032.HTM. 
Mohamed, S.A. (1999). Establishment and early growth of some arid 
land tree species in Khartoum State. M.Sc. Thesis, Faculty of 
forestry, University of Khartoum.  
Mustafa, A.F. (1997). Regeneration of Acacia seyal forests on the 
Dry land of the Sudan clay plan, Ph.D. Thesis, University of 
Helsinki, Department of Forestry Ecology, Helsinki University 
Printing House.  
National Research Council (1983). Magnum and other fast –growing 
Acacias, for the humid tropics. National Academy Press, 
Washington, D.C. 
Noordwijk, M.V. (1984). Ecology test book for the Sudan, 
Khartoum, University Press. 
Range Management Report (2005). The ground cover of Rawashda 
Wad Kabo Forest, personal communication. 
Rinaudo, A., Patel, P. and Thomson, L.A.J. (1999). Potential of 
Australian Acacias in combating hunger in semi-arid lands. 
World Vision, Vision Drive, East Burwood, Victoria 3151; e-
mail: rinaudotwa.org.au  Project Ecoloake, World Union, Sri. 
Aurobindo Ashram, Pondickeny, 605002, India: c-main: 
lapointe@aurovile.org.in CSIRO Forestry and Forest Product, 
P.O. Box E 4008 Kingston, Australian Capital Territory 2614: 
e-mai: Lex.thomson@ffpcsiro.au. Conservation Science, W. 
Aug. 4 (3): 161 – 169. 
Tahir, H.M.S. (1998). Investigations into artificial regeneration of 
Acacias senegal (L) willd on clay soils, M.S. Thesis, University 
of Khartoum. Faculty of Forestry. 
Thirakul, S. (1984). Manual dendrology, forest inventory and market 
demand survey project - group poulin, Theriauttltee Consultants 
Quebec, Canada, June 1984).  
Toumey, J.W. and Koerstian, C.F. (1947). Foundation of silviculture 
upon an ecological basis. John Willey and Sons, INC, New 
York 
Vink, A. (1991). Integrated land use plan of Rwashda Wad Kabo 
Forest Reserve, fuel wood development for energy in Sudan 
GCP/SUD/033/NET.  
Vink, A.Y., Abd El Karim, A. and Ballah, B. (1990). Forest 
management programe in Rawshda/Wad Kabo. Fuel wood 
development for energy in Sudan GCP/SUD/033/NET 
occasional paper No. 6 October 1990, Forest Administration, 
Khartoum. 
Vogt, K. (1995). Common trees and shrubs of dry land, Sudan. 
Antony Rowe Ltd. Chippenhan. 
 
 
  
 
 
 
 
 
 
 
 
 
APPENDICES AND ANNEXES  
Appendix (1) 
 
Geographical Information System (GIS) arc view version 3.2 
Vink (1992) 
Legend 
Rawashda Wad Kabo Reserve Forest 
Appendix  (2) 
Climatic Diagram 
 
21 Rainfalls according to years: 
 
Figure 9: Average rainfall from 1996 - 2005 in ELShowak area
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2.2 Average rainfalls according to months during 2004: 
Figure 10: Average rainfall during 2004
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El Showak Agricultural Complex (2005) 
 
 
2.3 Average maximum temperature: 
Figure 11: Avarage maximum temperature 1999 - 2004
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2.4 Average minimum temperature: 
Figure 12: Average minimum temperature 1999 - 2004
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Gedaref Meteorological Station (2004)  
 
 
 
Appendix (3) 
Main grass species at Rawashda Wad Kabo Forest 
Scientific name Arabic name 
Corchorus sp.  ".  
Ocimum-basilicum 2 
Desmodium-dicotomum $ 
 
Hebiscus-estulantus 
 
Ipomea-cordufana 
* 
Commelina sp. #
 
Cissus-uadraulario 5.<. 
Sporobolu sp. +	 M$ 
Aristida mutabilis 7,
 
Ipomea cardiosepala */ 
Dinebra-birearetreflexa . 1 
Crotalanna-senegalensis N+= 
Tribulus-terrestris  
Sorghum-halepnes 	$  
Cassia-immosoides 7  
Justica-flaua "  
Desmodium-trifoldium $ 
  
Cassia-tora %  
Boerharia-reperis <
  
Zomia-siphylla /.  
Cenchrus-setigerous 2" /  
Cymbopogon-nervatus %*	  
Cymbopogon-proximus 7	  
Phragmites sp. O
  
Aristida adscensionis. M
)  
Cenchrus liplorous < 
 /  
Dactlenim oegyptium = 15
  
Striga hermenthica 
  
Striga senetalensis 
  
Conchus spp. *  
(Gedaref Range Management, 2005) 
 
 
 
Appendix (4) 
4.1. Acacia seyal var seyal: 
Trees 3 – 17 m high. Bark powdery smooth or sparsely flaking, 
whitish, greenish, yellow or orange red sometimes green and red bark 
occur on the same tree. Young branch lets with numerous reddish 
glands; stipules spinescent, 10 cm long. Prickles absent, leaves 1 – 12 
cm long, pinnae 3 – 9 pairs; leaflets 7 – 20 pairs oblong to linear 3 - 7 
x 0.5 – 1 – 3 mm. Inflorescence capitate, yellow on peduncle 1 – 4 cm 
long; involced on lower half; flower bract 2.5 mm long; sepals apex 
reflexes, 2 X 0.5 mm; petals 4.5 x 0.8 mm. glabrous. Fruit falcate, 
dehiscent pods constricted between the seeds 7 – 22 x 0.5 – 0.9 cm 
with conspicuous red glands; seeds wrinkled, compressed, elliptic on a 
longitudinal thin white band, 7 x 3 – 4.5 mm, areoles U-shaped, 
marginal, 4 x 2 mm; funicles very long and coiled, 1.5 cm long        
(El Amin, 1990).  
4.2. Acacia senegal (Linn.) willd. Brenan: 
 It is a small savanna tree easily recognized by its triple prickles 
just below nodes. The two lateral curved upwards and the central one 
hooked downwards. Deciduous tree up to 13 m high and 25 cm in 
diameter. Crown obtriangular and flattened at the top, light foliage. 
Branches oblique ascending usually bifurcate, twiggy and slightly 
lowering down, bole irregular, more or less sinuous, cylindrical at the 
base. The bark is grey rather rough, mostly longitudinally fissured. 
Flaking of in rectangular patches, often powdery under rhytidome. 
Blaze about 1 cm thick: slash reddish and white inner, with very thin 
bright green edge outer bark, fibrous, hard, exuding coagulative 
translucent gum. Twigs rounded very slightly zigzag, lenticellate 
armed with triple purplish prickles, short, sharp and broad at the base. 
Leaves biparipinnate, alternate. Petiole and rachis 2.5 – 5 cm long. 
Petiole about 0.5 cm long, pulvinate at the base. Rachis glabrous or 
sometimes puberulous. Stipules non-spinescent. Pinnae 5 – 6 opposite 
pairs 0.75 – 1.5 cm long to each pinnae with a gland between the 
upper pairs. Leaflets 8 – 18 pairs, sessile; blade oblong-elliptic or 
linner, 1 – 4 mm long by 0.5 – 1.75 mm broad, apex obtuse, base 
asymmetrical, puberulous when young, then glabrous. Venation 
invisible. Flowers spike 2 – 10 cm long, cylindrical, creamy white and 
fragrant flowers. Pods flat, papery, 7 – 9 cm long, about 1 - 1.5 cm 
broad, pale brown or fawn colour, transversally venose. Containing     
1 – 6 olive-brown seeds (Therakul, 1984). 
 4.3. Acacia stenophylla (A. cunn. Ex benth): 
 Acacia stenophylla is an erect or spreading shrub or small tree 
to 20 m tall with a rounded crown, it varies inform over its 
distribution but is usually single stem with pendulous branch lets. The 
unusual grayish phyllodes are less than 0.63 cm wide but often over 
45 cm long appearing much like a shoestring hanging down from the 
branches. The showy creamy white flowers are borne in small 
globular clusters along the stems in the late winter continuing through 
spring. Thin, woody seed pods may develop after flowering but they 
do not create an unreasonable amount of litter (Hull, 2005).   
4.4. Acacia ampliceps maslin: 
 Shrub or small tree, 1 – 4 stems branching from the ground 
twigs yellow, yellowish-green or brown green spreading canopy. 
Phyllodes, variable linear, lanceolate to narrowly obvate, 5 – 25 cm 
long 7 – 35 mm wide, pale green, soft and somewhat flaccid, 1 
prominent central nerve, one prominent gland at the bottom of the 
upper face of the blade. Flowers: white or cream by 25 – 50 in globose 
heads 7 – 10 cm in peduncles. Inflorescences in ancillary diameter on 
5 – 25 mm racemes bearing 2 – 11 heads. Pods: hard, rough, brittle, 7 
– 12 cm long x 5 – 6 mm wide, slightly constricted between seeds, 
breaking easily at these constrictions, yellow soft margins, seeds set 
longitudinally in the pods. Articles containing one single, bright black 
seed 4.5 – 6.5 mm x 3.0 – 3.5 with a scarlet aril (Le Houerou, 2005).   
Appendix (5) 
Data Analysis 
 
5.1 Seedling growth parameters 
Shoot length by species 
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One way ANOVA Summary of Fit 
R Square 0.193959 
R Square Adj 0.189818 
Root Mean Square Error 16.31391 
Mean of Response 37.36684 
Observations (or Sum Wgts) 588 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 3 37400.87 12467.0 46.8430 
Error 584 155427.85 266.1 Prob>F 
C Total 587 192828.72 328.5 <.0001 
Means for One way ANOVA 
                                   Level                          Number Mean Std Error 
                             Acacia ampliceps 147 30.4245 1.3455 
                             Acacia senegal 147 29.7912 1.3455 
                             Acacia seyal 147 49.2871 1.3455 
                             Acacia stenophylla 147 39.9646 1.3455 
Std Error uses a pooled estimate of error variance 
 
Means Comparisons 
 
Dif=Mean[i]-Mean[j]   Acacia seyal   A.stenophylla  A.ampliceps  A.senegal 
Acacia seyal                      0.0000 9.3224            18.8626      19.4959 
Acacia stenophylla           -9.3224 0.0000              9.5401      10.1735 
Acacia ampliceps            -18.8626 -9.5401              0.0000        0.6333 
Acacia senegal                 -19.4959 -10.1735              -0.6333        0.0000 
 
Alpha= 0.05 
Comparisons for each pair using Student's t 
1.96407 
Abs(Dif)-LSD            Acacia seyal   A.stenophylla  A.ampliceps    A.senegal 
Acacia seyal                  -3.7374 5.5850             15.1252       15.7585 
Acacia stenophylla          5.5850 -3.7374               5.8027          6.4361 
Acacia ampliceps           15.1252 5.8027              -3.7374         -3.1041 
Acacia senegal               15.7585 6.4361              -3.1041         -3.7374 
Positive values show pairs of means that are significantly different. 
Comparisons for all pairs using Tukey-Kramer HSD 
q* 
2.57649 
Abs(Dif)-LSD               Acacia seyal   A.stenophylla  A.ampliceps    A.senegal 
Acacia seyal                     -4.9028             4.4197           13.9598         14.5931 
Acacia stenophylla             4.4197           -4.9028             4.6374           5.2707 
Acacia ampliceps              13.9598            4.6374           -4.9028          -4.2694 
Acacia senegal                  14.5931            5.2707           -4.2694          -4.9028 
Positive values show pairs of means that are significantly different. 
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One way ANOVA Summary of Fit 
RSquare 0.007565 
RSquare Adj 0.002467 
Root Mean Square Error 1.480238 
Mean of Response 0.671611 
Observations (or Sum Wgts) 588 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 3 9.7541 3.25136 1.4839 
Error 584 1279.6056 2.19111 Prob>F 
C Total 587 1289.3597 2.19652 0.2178 
Means for Oneway Anova 
                                                Level              Number Mean Std Error 
                                      Acacia ampliceps 147      0.474286 0.12209 
                                      Acacia senegal 147      0.675306 0.12209 
                                     Acacia seyal 147      0.702633 0.12209 
                                    Acacia stenophylla 147      0.834218   0.12209 
Std Error uses a pooled estimate of error variance 
Means Comparisons 
Dif=Mean[i]-Mean[j]     Acacia seyal   A.stenophylla  A.ampliceps    A.senegal 
Acacia stenophylla           0.000000          0.1315850.         158912      0.359932 
Acacia seyal                      -0.13159             0.000000      0.027327      0.228347 
Acacia senegal                   -0.15891             -0.02733      0.000000      0.201020 
Acacia ampliceps               -0.35993             -0.22835       -0.20102     0.000000 
Alpha= 0.05 
Comparisons for each pair using Student's t 
1.96407 
Abs(Dif)-LSD A.stenoph A.seyal A.senegal A.amplice 
Acacia stenophylla-0.33911 -0.20753 -0.1802 0.020819 
Acacia seyal -0.20753 -0.33911 -0.31179 -0.11077 
Acacia senegal -0.1802 -0.31179 -0.33911 -0.13809 
Acacia ampliceps 0.020819 -0.11077 -0.13809 -0.33911 
Positive values show pairs of means that are significantly 
different. 
Comparisons for all pairs using Tukey-Kramer HSD 
q* 
2.57649 
Abs(Dif)-LSD A.stenoph A.seyal A.senegal A.amplice 
Acacia stenophylla-0.44485 -0.31327 -0.28594 -0.08492 
Acacia seyal -0.31327 -0.44485 -0.41753 -0.21651 
Acacia senegal -0.28594 -0.41753 -0.44485 -0.24383 
Acacia ampliceps -0.08492 -0.21651 -0.24383 -0.44485 
Positive values show pairs of means that are significantly 
different. 
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One way ANOVA Summary of FitRSquare 0.956159 
R Square Adj 0.955934 
Root Mean Square Error 2.631409 
Mean of Response 73.48793 
Observations (or Sum Wgts) 588 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 3 88193.744 29397.9 4245.606 
Error 584 4043.800 6.9 Prob>F 
C Total 587 92237.544 157.1 0.0000 
Means for Oneway Anova 
Level Number Mean Std Error 
Acacia ampliceps 147 56.8490 0.21703 
Acacia senegal 147 83.1633 0.21703 
Acacia seyal 147 87.1000 0.21703 
Acacia stenophylla147 66.8395 0.21703 
Std Error uses a pooled estimate of error variance 
 
Means Comparisons 
Dif=Mean[i]-Mean[j] A.seyal A.senegal A.stenoph. A.amplic 
 A. amplice  A. senegal A. seyal               Each pair            All pairs 
                                                  A. stenoph          student's t      tukey-kramer 
                          Species                             0.05                       0.05 
Acacia seyal 0.0000 3.9367 20.2605 30.2510 
Acacia senegal -3.9367 0.0000 16.3238 26.3143 
Acacia stenophylla -20.2605 -16.3238 0.0000 9.9905 
Acacia ampliceps -30.2510 -26.3143 -9.9905 0.0000 
Alpha= 0.05 
 
Comparisons for each pair using Student's t 
t 
1.96407 
Abs(Dif)-LSD A.seyal A.senegal A.stenoph A.amplice 
Acacia seyal -0.6028 3.3339 19.6577 29.6482 
Acacia senegal 3.3339 -0.6028 15.7210 25.7114 
Acacia stenophylla19.6577 15.7210 -0.6028 9.3876 
Acacia ampliceps 29.6482 25.7114 9.3876 -0.6028 
Positive values show pairs of means that are significantly 
different. 
Comparisons for all pairs using Tukey-Kramer HSD 
q* 
2.57649 
Abs(Dif)-LSD A.seyal A.senegal A.stenoph A.amplice 
Acacia seyal -0.7908 3.1459 19.4697 29.4602 
Acacia senegal 3.1459 -0.7908 15.5330 25.5235 
Acacia stenophylla19.4697 15.5330 -0.7908 9.1997 
Acacia ampliceps 29.4602 25.5235 9.1997 -0.7908 
Positive values show pairs of means that are significantly 
different. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.2 Seed growth parameters 
Shoot growth  by species  
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One way ANOVA Summary of Fit 
R Square 0.399819 
RSquare Adj 0.392189 
Root Mean Square Error 16.29668 
Mean of Response 22.53688 
Observations (or Sum Wgts) 240 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 3 41753.28 13917.8 52.4048 
Error 236 62677.27 265.6 Prob>F 
C Total 239 104430.55 436.9 <.0001 
Means for One way ANOVA 
Level Number Mean Std Error 
Acacia ampliceps 60 0.0000 2.1039 
Acacia senegal 60 26.5208 2.1039 
Acacia seyal 60 31.8133 2.1039 
Acacia stenophylla 60 31.8133 2.1039 
Std Error uses a pooled estimate of error variance 
 
 
Means Comparisons 
Dif=Mean[i]-Mean[j] A.seyal A.stenoph A.senegal A.amplice 
 A. amplice  A. senegal A. seyal               Eac  pair            All pairs 
                                                  A. stenoph          student's t      tukey-kramer 
                          Species                             0.05                       0.05 
Acacia seyal 0.0000 0.0000 5.2925 31.8133 
Acacia stenophylla 0.0000 0.0000 5.2925 31.8133 
Acacia senegal -5.2925 -5.2925 0.0000 26.5208 
Acacia ampliceps -31.8133 -31.8133 -26.5208 0.0000 
Alpha= 0.05 
Comparisons for each pair using Student's t 
t 
1.97009 
Abs(Dif)-LSD A.seyal A.stenoph A.senegal A.amplice 
Acacia seyal -5.8617 -5.8617 -0.5692 25.9516 
Acacia stenophylla -5.8617 -5.8617 -0.5692 25.9516 
Acacia senegal -0.5692 -0.5692 -5.8617 20.6591 
Acacia ampliceps 25.9516 25.9516 20.6591 -5.8617 
Positive values show pairs of means that are significantly 
different. 
Comparisons for all pairs using Tukey-Kramer HSD 
q* 
2.58745 
Abs(Dif)-LSD A.seyal A.stenoph A.senegal A.amplice 
Acacia seyal -7.6986 -7.6986 -2.4061 24.1148 
Acacia stenophylla -7.6986 -7.6986 -2.4061 24.1148 
Acacia senegal -2.4061 -2.4061 -7.6986 18.8223 
Acacia ampliceps 24.1148 24.1148 18.8223 -7.6986 
Positive values show pairs of means that are significantly different. 
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One way ANOVA Summary of Fit 
RSquare 0.540119 
RSquare Adj 0.534273 
Root Mean Square Error 0.199767 
Mean of Response 0.36825 
Observations (or Sum Wgts) 240 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 3 11.061248 3.68708 92.3922 
Error 236 9.418017 0.03991 Prob>F 
C Total 239 20.479265 0.08569 <.0001 
Means for One way ANOVA 
Level Number Mean Std Error 
Acacia ampliceps 60 0.000000 0.02579 
Acacia senegal 60 0.458333 0.02579 
Acacia seyal 60 0.538500 0.02579 
Acacia stenophylla 60 0.476167 0.02579 
Std Error uses a pooled estimate of error variance 
Means Comparisons 
Dif=Mean[i]-Mean[j] A.seyal A.stenoph A.senegal A.amplice 
Acacia seyal 0.000000 0.062333 0.080167 0.538500 
Acacia stenophylla -0.06233 0.000000 0.017833 0.476167 
Acacia senegal -0.08017 -0.01783 0.000000 0.458333 
Acacia ampliceps -0.5385 -0.47617 -0.45833 0.000000 
Alpha= 0.05 
Comparisons for each pair using Student's t 
t 
1.97009 
Abs(Dif)-LSD A.seyal A.stenoph A.senegal A.amplice 
Acacia seyal -0.07185 -0.00952 0.008313 0.466646 
Acacia stenophylla-0.00952 -0.07185 -0.05402 0.404313 
Acacia senegal 0.008313 -0.05402 -0.07185 0.386480 
Acacia ampliceps0.466646 0.404313 0.386480 -0.07185 
Positive values show pairs of means that are significantly 
different. 
Comparisons for all pairs using Tukey-Kramer HSD 
q* 
2.58745 
Abs(Dif)-LSD A.seyal A.stenoph A.senegal A.amplice 
Acacia seyal -0.09437 -0.03204 -0.0142 0.444130 
Acacia stenophylla-0.03204 -0.09437 -0.07654 0.381796 
Acacia senegal -0.0142 -0.07654 -0.09437 0.363963 
Acacia ampliceps0.444130 0.381796 0.363963 -0.09437 
Positive values show pairs of means that are significantly 
different. 
 
  
  
  
  
  
survival by species 
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One way ANOVA Summary of FitRSquare 0.958626 
RSquare Adj 0.9581 
Root Mean Square Error 8.037483 
Mean of Response 65.94167 
Observations (or Sum Wgts) 240 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 3 353245.12 117748 1822.698 
Error 236 15245.87 65 Prob>F 
C Total 239 368490.98 1542 <.0001 
Means for Oneway Anova 
Level Number Mean Std Error 
Acacia ampliceps 60 0.0000 1.0376 
Acacia senegal 60 90.0000 1.0376 
Acacia seyal 60 93.3333 1.0376 
Acacia stenophylla 60 80.4333 1.0376 
Std Error uses a pooled estimate of error variance 
Means Comparisons 
Dif=Mean[i]-Mean[j] A.seyal A.senegal A.stenoph A.amplice 
Acacia seyal 0.0000 3.3333 12.9000 93.3333 
Acacia senegal -3.3333 0.0000 9.5667 90.0000 
Acacia stenophylla -12.9000 -9.5667 0.0000 80.4333 
Acacia ampliceps -93.3333 -90.0000 -80.4333 0.0000 
Alpha= 0.05 
 
Comparisons for each pair using Student's t 
t 
1.97009 
 
Abs(Dif)-LSD A.seyal A.senegalA.stenophyllaA.ampliceps 
Acacia seyal -2.8910 0.4423 10.0090 90.4423 
Acacia senegal 0.4423 -2.8910 6.6757 87.1090 
Acacia stenophylla 10.0090 6.6757 -2.8910 77.5423 
Acacia ampliceps 90.4423 87.1090 77.5423 -2.8910 
Positive values show pairs of means that are significantly 
different. 
Comparisons for all pairs using Tukey-Kramer HSD 
q* 
2.58745 
Abs(Dif)-LSD A.seyal A.senegal A.stenoph A.amplice 
Acacia seyal -3.7969 -0.4636 9.1031 89.5364 
Acacia senegal -0.4636 -3.7969 5.7697 86.2031 
Acacia stenophylla 9.1031 5.7697 -3.7969 76.6364 
Acacia ampliceps 89.5364 86.2031 76.6364 -3.7969 
Positive values show pairs of means that are significantly 
different. 
 
 
 
 
 
Annex 1 
Comparison of average shoot length (cm) of the seedling species studied during 
December 2004 to July 2005 
Figure 1: Comparison of Average Heights (cm) of The Seedlings Species 
Under Studied During December 2004 to July 2005
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Figure 2: Comparison of Average Diameter (cm) of The Seedlings Speies 
Under Studied During December 2004 to July 2005
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Annex 2 
Comparison of average diameter (mm) of the seedling species studied during 
December 2004 to July 2005 
 
Legend: 
A. = Acacia                               amplice = ampliceps 
Stenoph= Stenophylla                
 
  
 
Figure 3 Comparison of The Average Survival Rates   of The Seedlings Species 
Under Studied During December 2004 to July 2005
0
20
40
60
80
100
A.senegal A.seyal A.stenoph A.amplice
Specis
Su
rv
iv
al
 
R
a
te
 
Figure 3-1: Survival Rate of Acacia seyal Seedlings Duriong December 2004 to July 2005
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Annex 3 
Comparison of average survival rates of the seedling species studied during 
December 2004 to July 2005 
 
Annex 3.1 
Average survival rates of Acacia seyal seedlings during December 2004 to July 2005 
 
Figure 3-2: Survival Rate of Acacia senegal Seedlings During December 2004 to July 2005
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Figure 3-4: Survival Rate of Acacia ampliceps seedlings During December 2004 to July 2005
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Annex 3.2 
Average survival rates of Acacia senegal seedlings during  
December 2004 to July 2005 
 
Annex 3.3 
Average survival rates of Acacia ampliceps seedlings during  
December 2004 to July 2005 
 
 Figure 3-3: Surviva Rate of Acacia stenophylla Seedlings During December 2004 to July 2005
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Annex 3.4 
Average survival rates of Acacia stenophylla seedlings during  
December 2004 to July 2005 
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Annex 4 
Final growth measurement of shoot and root ratio of seedling plots 
July 2005 
 
Annex 5 
Comparison of average shoot length (cm) of the seed sown plots during 
 December 2004 to July 2005 
Figure 4: Comparison of The Average Heights (cm) of seeds of The Species Under Studied 
During December 2004 to July 2005
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Figure 5: Average Diameter (cm) of Seeds Sown of Species Under nStudied 
During December 2004 to July 2005
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Annex 6 
Comparison of average diameter (mm) of the seed sown plots during 
 December 2004 to July 2005 
 
 Figure 6: Comparison Between The Average Survival Rate of The Seed Sown Species 
Under Studied During December 2004 to July 2005
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Annex 7.1 
Average survival rates of Acacia seyal seed sown plots during  
December 2004 to July 2005 
 
Figure 6-1:Survival Rate of Acacia seyal seeds During December 2004 to July 2005
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Annex 7 
Comparison of average survival rates of the seed sown plots during 
 December 2004 to July 2005 
 
 Annex 7.2 
Average survival rates of Acacia senegal seed sown plots during  
December 2004 to July 2005 
Figure 6-2: Survival Rate of Acacia senegal seeds December 2004 to July 2005
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Annex 7.3 
Average survival rates of Acacia stenophylla seed sown plots during  
December 2004 to July 2005 
Figure 6-3: Survival Rate of Acacia stenophylla Seeds During December 2004 to July2005
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Figure 8: Shoot Root Ratio of Seeds Sown of Species UnderStudied Final measurement July 
2005
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Annex 8 
Final growth measurement of shoot and root ratio of seed sown plots 
July 2005 
 
